An automated ion-exchange chromatography method is developed for the separation of copper (Cu) from biological samples prior to stable, naturally occurring, isotope analysis. The technique does not require Cu to be fully oxidized/reduced into either Cu+ or Cu2+. Distribution coefficients of Cu and other cations to the Cu-specific anion exchange resin enable the effective purification and separation of Cu from complex matrixes using a single, reusable chromatographic column, with the potential to be modified for varying sample types. The automated chromatography system (prepFAST-MC™) can process up to 60 samples per run at a rate of 36 samples per day on a single ion exchange column. Low carryover (<1%) combined with high yields (97 ± 3%) for multiple extractions is observed. Isotopic analyses of the Cu fraction by multi collector-inductively coupled plasma-mass spectrometry, produced accurate Cu stable isotope data (ERM-AE633). The repeatability was assessed to be better than 0.02‰ for pure standard solutions and biological samples, making this method suitable for future applications, such as medical research, that require high throughput for precise isotopic analysis. 
Introduction

18
Copper is an essential trace element in most aerobic organisms 1 Elemental concentration analysis was performed on an iCAP quadrupole-inductively 156 coupled plasma-mass spectrometer at WIGL, UOW and an Element 2 sector field-157 inductively coupled plasma-mass spectrometer (Thermo Scientific) at ESI.
158
Concentrations were quantified using a multi-element standard external calibration 159 curve. Recoveries of metals from the certified reference material (DORM-2, NRCC) 160
were between 85 and 105% of the expected values (Table 3) . A 1 ppb multi-element 161 solution, measured every 6 samples was used to correct for instrument drift, which 162 was typically less than ±1%. 163 164
The concentration of major matrix elements in biological samples (Na, Mg, K, Ca, 165
Mn, Fe, Zn, Se, P) and Cu were used to 1) determine recovery of elements from the 166 certified reference material (DORM-2, NRCC) during the digestion process, 2) 167 determine the degree of matrix removal during the column washing steps and 3) 168 determine the Cu recovery in elution cuts. is not an interference-forming element for the observed isotopes, all monitored 214 elements were only present at background levels in the tested samples after passing 215 through the chromatography. 216 217
To compile an elution profile, fractions of 1 mL each of the entire chromatography 218 methodology ( Fig. 1 ) and 0.25 mL fractions for the Cu elution (inset Fig. 1 ) were 219 collected and analyzed. The elution profile served to calibrate the column and 220 optimize the volumes used in the chromatography, to achieve the reproducible 221 collection of matrix-free Cu cuts with high yields ( In trace metal isotope analysis it is crucial that blank concentrations are reduced as 233 much as possible. 32 To achieve this goal, the method was setup to include a resin 234 wash before every conditioning with 3 mL (6 column volumes) of 8 M HCl (Table 1) .
235
Processing total procedure blanks alongside the samples monitored the average 236 procedural blank of the method. The average blank contribution was 0.5±0.3 ng Cu (n 237 = 11), equivalent to <0.1% of the amount of Cu processed for sample analysis (~333-238 990 ng). This is at the lower end of the range reported for blank contributions in other 239 studies, which is between 0.021-3%. Biological samples: The method was finally tested for its suitability to process real 306 biological samples of unknown isotopic composition. Seven subsamples of the two 307 aliquots of chicken liver were processed, interspersed with two aliquots of 308 pseudosample 4, and the Cu isotope composition analyzed (Fig. 5) in a random order.
309
The results of the pseudosample indicate that the between-batch variability is 310 negligible compared to previous analyses and that the repeatability of Cu isotopic 311 measurements within the two batches of liver tissue was very good. Batch 1 and 2 312 yielded average δ 65 Cu of 0.51±0.02‰ (2SE; n=3) and 1.06±0.01‰ (2SE; n=4), 313 respectively (Table 7) . The precision for the analysis of biological samples is similar 314 to or better than previously published values. 13,18-20,36 Metals and metal isotopes have 315 been shown to be heterogeneously distributed in organ tissues 3,37-39 , suggesting that 316 the difference in the two sample clusters can be explained by natural variability of Cu 317 isotopes in the bulk chicken liver tissue. As the samples were purchased from a 318 wholesale butcher, it was not possible to control for general sources of heterogeneity 319 of the samples such as sex, age or diet of the chickens. common to all the previously mentioned studies is that they are based on small 334 samples sizes and sample processing with each specific method can take weeks if not 335 months. It was recently proposed that 'new technology needs to be developed that 336 increases sample analysis rates and makes high precision isotope analyses accessible 337 (…)' 42 . While initial attempts at simplifying sample processing and analyzing 338 unprocessed sample matrix straight away were encouraging 43 , this approach will most 339 likely stay restricted to lower complexity biological samples, such as urine. In order 340
for the discipline to grow and move on from the pilot study-phase, it is crucial to 341 develop methods that allow for high-throughput sample processing. The entire method was split up into 1 mL steps that were individually analyzed to 491 generate the main elution curve. The insert depicts the elution step at a higher 492 resolution of 250 µL fractions performed on a pure 500 ppb ERM-AE633 solution.
493
Cu is well separated from all major matrix elements. 494 495 
